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Аɧɨɬаɰіɹ. ɍ ɩɪɨɰɟɫɿ ɪɨɛɨɬɢ ɩɨɥɿɦɟɪɧɨ-ɚɛɪɚɡɢɜɧɨʀ ɳɿɬɤɢ ɩɪɢ ɤɨɧɬɚɤɬɿ ʀʀ ɜɨɥɨɤɨɧ ɡ ɩɨɜɟɪɯɧɟɸ 

ɜɿɞɛɭɜɚєɬɶɫɹ ɜɢɞɿɥɟɧɧɹ ɬɟɩɥɚ, ɹɤɟ ɪɨɡɩɨɞɿɥɹєɬɶɫɹ ɦɿɠ ɩɨɜɟɪɯɧɟɸ ɬɚ ɩɨɥɿɦɟɪɧɢɦɢ ɜɨɥɨɤɧɚɦɢ. 
Ɋɨɡɪɨɛɥɟɧɚ ɦɚɬɟɦɚɬɢɱɧɚ ɦɨɞɟɥɶ ɞɨɡɜɨɥɹє ɜɢɡɧɚɱɢɬɢ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɥɨɤɧɚ ɭ ɩɪɨɰɟɫɿ ɣɨɝɨ  
ɜɡɚєɦɨɞɿʀ ɡ ɩɨɜɟɪɯɧɟɸ ɬɚ ɪɚɰɿɨɧɚɥɶɧɿ ɪɟɠɢɦɢ ɪɨɛɨɬɢ ɩɨɥɿɦɟɪɧɨ-ɚɛɪɚɡɢɜɧɨʀ ɳɿɬɤɢ. 

 

Клɸɱɨві ɫлɨва: ɬɟɩɥɨ, ɧɚɝɪɿɜ, ɜɨɥɨɤɧɨ, ɬɟɦɩɟɪɚɬɭɪɧɟ ɩɨɥɟ, ɬɟɩɥɨɩɪɨɜɿɞɧɿɫɬɶ. 
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Аɧɧɨɬаɰиɹ. В ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɩɨɥɢɦɟɪɧɨ-ɚɛɪɚɡɢɜɧɨɣ ɳɟɬɤɢ ɩɪɢ ɤɨɧɬɚɤɬɟ ɟɟ ɜɨɥɨɤɨɧ ɫ ɩɨ-
ɜɟɪɯɧɨɫɬɶɸ ɩɪɨɢɫɯɨɞɢɬ ɜɵɞɟɥɟɧɢɟ ɬɟɩɥɚ, ɤɨɬɨɪɨɟ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɦɟɠɞɭ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢ 

ɩɨɥɢɦɟɪɧɵɦɢ ɜɨɥɨɤɧɚɦɢ. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɬɟɦ-

ɩɟɪɚɬɭɪɭ ɜɨɥɨɤɧɚ ɜ ɩɪɨɰɟɫɫɟ ɟɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢ ɪɚɰɢɨɧɚɥɶɧɵɟ ɪɟɠɢɦɵ ɪɚ-
ɛɨɬɵ ɩɨɥɢɦɟɪɧɨ-ɚɛɪɚɡɢɜɧɨɣ ɳɟɬɤɢ. 
 

Клɸɱевые ɫлɨва: ɬɟɩɥɨ, ɧɚɝɪɟɜ, ɜɨɥɨɤɧɨ, ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ. 
 

DETERMINATION OF REASONABLE APPLICATIONS FOR  

POLYMER-ABRASIVE TOOLS 
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Abstract. During the work of polymer-abrasive brushes, when their fibers contact the surface, some 

heat is released and distributed between the surface and the polymer fibers. A mathematical model 

developed determines the temperature of the fibers during their interaction with the surface as well as 

reasonable operating modes for polymer-abrasive brushes. 
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ȼɚɠɥɢɜɨɸ ɩɪɨɛɥɟɦɨɸ ɡɚɫɬɨɫɭɜɚɧɧɹ ɩɨɥɿɦɟ-
ɪɧɨ-ɚɛɪɚɡɢɜɧɢɯ ɳɿɬɨɤ (ɉȺɓ) ɹɤ ɪɨɛɨɱɢɯ 
ɨɪɝɚɧɿɜ ɪɭɱɧɢɯ ɦɚɲɢɧ є ɜɿɞɫɭɬɧɿɫɬɶ ɿɧɮɨɪ-
ɦɚɰɿʀ ɜɢɪɨɛɧɢɤɚ ɳɨɞɨ ɪɟɤɨɦɟɧɞɨɜɚɧɢɯ ɩɚɪɚ-
ɦɟɬɪɿɜ ɪɭɱɧɢɯ ɦɚɲɢɧ, ɚ ɫɚɦɟ ɩɨɬɭɠɧɨɫɬɿ 
ɦɚɲɢɧɢ ɬɚ ɱɚɫɬɨɬɢ ɨɛɟɪɬɚɧɧɹ ʀʀ ɪɨɬɨɪɚ, ɚ ɬɚ-
ɤɨɠ ɫɢɥɢ ɩɪɢɬɢɫɧɟɧɧɹ ɉȺɓ ɞɨ ɩɨɜɟɪɯɧɿ, 
ɹɤɭ ɨɱɢɳɚɸɬɶ, ɬɚ ɲɜɢɞɤɨɫɬɿ ɩɨɞɚɱɿ. Ⱥɞɠɟ, 
ɡɧɚɸɱɢ ɨɫɧɨɜɧɿ ɜɢɦɨɝɢ ɞɨ ɡɚɫɬɨɫɭɜɚɧɧɹ 

ɉȺɓ ɹɤ ɪɨɛɨɱɢɯ ɨɪɝɚɧɿɜ ɪɭɱɧɢɯ ɦɚɲɢɧ, 

ɦɨɠɥɢɜɟ ʀɯ ɛɿɥɶɲ ɲɢɪɨɤɟ ɜɢɤɨɪɢɫɬɚɧɧɹ ɧɚ 
ɛɭɞɿɜɟɥɶɧɢɯ ɬɚ ɦɨɧɬɚɠɧɢɯ ɦɚɣɞɚɧɱɢɤɚɯ. 
ɉɪɨɛɥɟɦɨɸ, ɳɨ є ɚɤɬɭɚɥɶɧɨɸ ɧɚ ɫɶɨɝɨɞɧɿ,  є 
ɞɨɫɥɿɞɠɟɧɧɹ ɬɟɩɥɨɜɢɯ ɩɪɨɰɟɫɿɜ ɭ ɩɨɥɿɦɟɪɧɢɯ 
ɜɨɥɨɤɧɚɯ.  
 

  

 

ȼɿɞɨɦɿ ɧɚ ɫɶɨɝɨɞɧɿ ɪɨɛɨɬɢ ɡ ɞɨɫɥɿɞɠɟɧɧɹ ɬɟ-
ɩɥɨɜɢɯ ɩɪɨɰɟɫɿɜ ɭ ɩɨɥɿɦɟɪɧɢɯ ɜɨɥɨɤɧɚɯ, ɳɨ 
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є ɪɨɛɨɱɢɦɢ ɨɪɝɚɧɚɦɢ ɨɛɟɪɬɨɜɨʀ ɞɿʀ, ɩɪɨɜɨ-
ɞɹɬɶɫɹ ɭ ɛɿɥɶɲɨɫɬɿ ɜɢɩɚɞɤɿɜ ɞɥɹ ɳɿɬɨɤ ɤɨɦɭ-
ɧɚɥɶɧɢɯ ɦɚɲɢɧ [1–3]. Ɋɨɛɨɬɢ ɡ ɞɨɫɥɿɞɠɟɧɧɹ 
ɬɟɩɥɨɜɢɯ ɩɪɨɰɟɫɿɜ, ɳɨ ɜɿɞɛɭɜɚɸɬɶɫɹ ɭ ɩɪɨ-
ɰɟɫɿ ɤɨɧɬɚɤɬɭ ɜɨɥɨɤɨɧ ɉȺɓ ɡ ɩɨɜɟɪɯɧɟɸ, 

ɜɿɞɫɭɬɧɿ. ȼɿɞɨɦɿ ɬɿɥɶɤɢ ɪɨɛɨɬɢ ɡ ɞɨɫɥɿɞɠɟɧɧɹ 
ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɩɨɥɿɦɟɪɧɨ-ɚɛɪɚɡɢɜ-
ɧɨɝɨ ɿɧɫɬɪɭɦɟɧɬɭ [4–7]. 

 

    

 

ȼɿɞɫɭɬɧɿɫɬɶ ɪɨɛɿɬ, ɩɨɜ’ɹɡɚɧɢɯ ɡ ɜɢɪɿɲɟɧɧɹɦ 

ɩɢɬɚɧɧɹ ɳɨɞɨ ɬɟɩɥɨɜɢɯ ɩɪɨɰɟɫɿɜ ɭ ɜɨɥɨɤɧɚɯ 

ɉȺɓ, ɜɢɡɧɚɱɚє ɦɟɬɭ ɞɚɧɨʀ ɪɨɛɨɬɢ, ɹɤɚ ɩɨɥɹ-
ɝɚє ɭ ɜɢɡɧɚɱɟɧɧɿ ɩɚɪɚɦɟɬɪɿɜ, ɹɤɿ ɜɩɥɢɜɚɸɬɶ 
ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɿ ɩɪɨɰɟɫɢ, ɳɨ ɜɢɧɢɤɚɸɬɶ ɭ 
ɜɨɥɨɤɧɚɯ ɉȺɓ ɩɪɢ ɤɨɧɬɚɤɬɿ ɡ ɩɨɜɟɪɯɧɟɸ. 

 

    

     

 

Ɋɨɡɝɥɹɧɟɦɨ ɬɟɩɥɨɜɟ ɩɨɥɟ ɜɨɥɨɤɧɚ ɩɨɥɿɦɟɪɧɨ-
ɚɛɪɚɡɢɜɧɨʀ ɳɿɬɤɢ ɞɥɹ ɪɿɡɧɢɯ ɜɢɩɚɞɤɿɜ ɞɿʀ ɬɟɩ-

ɥɚ [8–10].  

 

ɇɚɩɪɢɤɥɚɞ, ɹɤɳɨ ɩɥɨɫɤɢɣ ɩɟɪɟɪɿɡ ɜɨɥɨɤɧɚ 
ɉȺɓ ɭ ɦɿɫɰɿ ɤɨɧɬɚɤɬɭ ɡ ɩɨɜɟɪɯɧɟɸ, ɹɤɭ ɨɛ-

ɪɨɛɥɹɸɬɶ, ɨɬɪɢɦɭє ɩɨɬɿɤ ɬɟɩɥɚ (ɧɚɝɪɿɜɚєɬɶ-
ɫɹ), ɬɨ ɬɟɦɩɟɪɚɬɭɪɧɟ ɩɨɥɟ ( , )z t  ɭ ɜɿɫɬɨɜɨɦɭ 
ɩɟɪɟɪɿɡɿ ɜɨɥɨɤɧɚ (ɜɡɞɨɜɠ ɨɫɿ OZ) ɦɚє ɬɚɤɢɣ 

ɜɢɝɥɹɞ 
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    ; Q  – ɬɟɩɥɨɜɚ ɩɨɬɭɠɧɿɫɬɶ, ɹɤɚ 

ɜɢɧɢɤɚє ɜɧɚɫɥɿɞɨɤ ɬɟɪɬɹ ɜɨɥɨɤɧɚ ɡ ɩɨɜɟɪɯ-
ɧɟɸ ɳɿɬɤɢ; t  – ɱɚɫ ɤɨɧɬɚɤɬɭ; 0  – ɬɟɩɥɨɩɪɨ-
ɜɿɞɧɿɫɬɶ ɦɚɬɟɪɿɚɥɭ ɜɨɥɨɤɧɚ; cr  – ɪɚɞɿɭɫ ɜɨɥɨ-
ɤɧɚ; 1  – ɤɨɟɮɿɰɿєɧɬ ɬɟɩɥɨɜɿɞɜɨɞɭ ɩɨɜɟɪɯɧɿ 
ɜɨɥɨɤɧɚ, ɳɨ ɤɨɧɬɚɤɬɭє ɡ ɩɨɜɟɪɯɧɟɸ, ɹɤɭ ɨɛ-

ɪɨɛɥɹɸɬɶ; a  – ɤɨɟɮɿɰɿєɧɬ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɿ-
ɞɧɨɫɬɿ ɜɨɥɨɤɧɚ. 
 

Ɋɨɡɪɚɯɭɧɤɢ ( , )z t  ɩɪɨɜɟɞɟɧɿ ɞɥɹ ɡɧɚɱɟɧɶ 
ɩɚɪɚɦɟɬɪɿɜ:  

6 2
1 20 10 ȼɬ/ɦ · ɋ    ; 30 5 10 ɦcr ,   ;  

2
0 20 ȼɬ/ɦ · ɋ   ; 6 24 10 ɦ /ɫa   .  

Ⱦɨɜɠɢɧɚ ɜɨɥɨɤɧɚ 32,15 10 ɦL   . 

 

ɇɚ ɪɢɫ. 1 ɧɚɜɟɞɟɧɨ ɡɚɥɟɠɧɿɫɬɶ ɬɟɦɩɟɪɚɬɭɪɧɨ-
ɝɨ ɩɨɥɹ ( , )z t  ɞɥɹ ɬɨɪɰɟɜɨɝɨ ɩɟɪɟɪɿɡɭ ɜɨɥɨ-
ɤɧɚ ɩɪɢ  0;z L  ɜɡɞɨɜɠ ɨɫɿ ɜɨɥɨɤɧɚ ɞɥɹ ɪɿɡ-
ɧɢɯ ɦɨɦɟɧɬɿɜ ɱɚɫɭ. 
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Ɋɢɫ. 1. Ɂɚɥɟɠɧɿɫɬɶ ɪɨɡɩɨɞɿɥɭ ɬɟɩɥɚ ɜɡɞɨɜɠ 

ɨɫɿ ɜɨɥɨɤɧɚ 
 

Ⱦɠɟɪɟɥɨ ɬɟɩɥɚ ɞɿє ɛɟɡɩɟɪɟɪɜɧɨ ɩɪɨɬɹɝɨɦ ɱɚ-
ɫɭ ɤɨɧɬɚɤɬɭ ɜɨɥɨɤɧɚ ɤɨɧɬ , ɬɨɞɿ 
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(2) 

 

Ɂɚ ɬɪɢɜɚɥɨʀ ɞɿʀ ɞɠɟɪɟɥɚ ɬɟɩɥɚ ( ɤɨɧɬ   ) ɿɡ 
ɡɚɥɟɠɧɨɫɬɿ (2) ɨɬɪɢɦɭєɦɨ 
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  (3) 

 

əɤɳɨ ɜɜɟɫɬɢ ɩɨɧɹɬɬɹ ɬɟɩɥɨɜɨʀ ɩɨɬɭɠɧɨɫɬɿ 
ɞɠɟɪɟɥɚ  

t

dQ
q

dt
 , 

 

ɞɟ dQ  – ɤɿɥɶɤɿɫɬɶ ɬɟɩɥɚ, ɹɤɟ ɩɟɪɟɞɚєɬɶɫɹ ɜɨ-
ɥɨɤɧɭ ɩɿɞ ɱɚɫ ɞɨɬɢɤɭ ɡ ɩɨɜɟɪɯɧɟɸ, ɳɨ ɨɛɪɨɛ-
ɥɹєɬɶɫɹ, ɡɚ ɱɚɫ ɤɨɧɬɚɤɬɭ ɱɚɫd  ɬɚ ɨɞɢɧ ɨɛɟɪɬ 
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ɞɢɫɤɚ Ȧ, ɬɨ ɜɢɪɚɡɢ (2) ɣ (3) ɦɨɠɧɚ ɡɚɩɢɫɚɬɢ 

ɬɚɤ 
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Ɇɨɠɧɚ ɜɜɚɠɚɬɢ tq  ɦɢɬɬєɜɨɸ ɩɨɬɭɠɧɿɫɬɸ 

ɞɠɟɪɟɥɚ ɬɟɩɥɚ (ɜɧɚɫɥɿɞɨɤ ɬɟɪɬɹ ɜɨɥɨɤɧɚ ɡ 
ɩɨɜɟɪɯɧɟɸ, ɳɨ ɨɛɪɨɛɥɹєɬɶɫɹ). 
 

ȼɢɪɚɡ (5) ɩɨɞɚєɦɨ ɧɚɛɥɢɠɟɧɨ ɭ ɜɢɝɥɹɞɿ 
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Ⱦɥɹ ɬɨɪɰɟɜɨɝɨ ɩɟɪɟɪɿɡɭ ɩɨɥɿɦɟɪɧɨɝɨ ɜɨɥɨɤɧɚ 
0z   ɡ ɜɢɪɚɡɭ (6) ɦɚєɦɨ 

 

ɤɨɧɬ2 2
0

ɤɨɧɬ

(0, ) exp
2

2 .

t

c

q a b
t

r

               
  

 (7) 

 

Ɂɚ ɭɦɨɜɢ, ɳɨ ɜɟɫɶ ɱɚɫ ɪɨɛɨɬɢ ɉȺɓ ɛɭɞɟ 
ɪ 2n T    , ɤɨɧɬɚɤɬɢ ɤɨɠɧɨɝɨ ɜɨɥɨɤɧɚ ɡ 

ɩɨɜɟɪɯɧɟɸ, ɹɤɭ ɨɛɪɨɛɥɹɸɬɶ, ɦɚɬɢɦɭɬɶ ɜɢɝɥɹɞ 
 

ɡɚɝ 2 2
0

ɤɨɧɬ ɤɨɧɬ

(0, ) (0, )

exp 2 ,
2

t

c

q a
t n t

r

b
n

        
          

 (8) 

 

ɡɚɝ ɤɨɧɬ2 2
0

ɪ
ɤɨɧɬ

(0, ) 2

exp .
2 2

t

c

q a
t

r

T b

         
          

 (9) 

2 2

ɤɨɧɬ
2 ( )

,
R R i

R

          (10) 

 

ɞɟ i  – ɧɚɬɹɝ ɜɨɥɨɤɧɚ; R  – ɪɚɞɿɭɫ ɩɨɥɿɦɟɪɧɨ-
ɚɛɪɚɡɢɜɧɨʀ ɳɿɬɤɢ. 

 

Ɉɬɠɟ, ɩɨєɞɧɭɸɱɢ ɡɚɥɟɠɧɨɫɬɿ (9) ɬɚ (10), 

ɨɬɪɢɦɭєɦɨ 
 

ɪ2 2
0

2 2

2 2

2
(0, )

2

2 ( )

2 ( )
exp .

2

t

c

q a
t T

r

R R i

R

R R ib

R

        
   

        

 (11) 

 

ɋɩɪɨɳɭɸɱɢ ɜɢɪɚɡ (11), ɨɬɪɢɦɚєɦɨ 
 

ɪ
ɡɚɝ 2 2

0

2 24

2 2

2
(0, )

( )

( )
exp .

t

c

q T a
t

r

R R i
R

b R R i

R

        
    
       

         (12) 

 

Ɂɚ ɭɦɨɜɢ 
2 2( )

1
b R R i

R

     ɡ ɜɢɪɚɡɭ (12) 

ɦɚєɦɨ ɫɩɪɨɳɟɧɭ ɮɨɪɦɭɥɭ 
 

ɪ
ɡɚɝ 2 2

0

4 2

2
(0, )

2 .

t

c

q T a
t

r

R i i
R

        
    

          (13) 

 

Ɂɿ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ (13) ɜɢɩɥɢɜɚє, ɳɨ 
 

4
ɡɚɝ ɪ(0, ) ,t T i                  (14) 

 

ɛɨ I R , ɨɬɠɟ ɡɚɝ ɪ(0, )t T  ;    

ɡɚɝ (0, )t   ;  4
ɡɚɝ (0, )t i  . 

 

Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɡɚɥɟɠɧɨɫɬɹɦɢ ɪɨɡɪɚɯɨɜɚɧɿ 
ɱɢɫɥɨɜɿ ɞɚɧɿ (ɬɚɛɥ. 1) ɬɚ ɩɨɛɭɞɨɜɚɧɿ ɝɪɚɮɿɤɢ 

(ɪɢɫ. 2, 3), ɿɡ ɹɤɢɯ ɜɢɩɥɢɜɚє ɞɨɩɭɫɬɢɦɢɣ ɪɟ-
ɠɢɦ ɨɛɟɪɬɚɧɧɹ ɳɿɬɤɢ ɬɚ ɲɜɢɞɤɿɫɬɶ ʀʀ ɩɨɞɚɱɿ 
ɩɪɢ ɜɡɚєɦɨɞɿʀ ɡ ɩɨɜɟɪɯɧɟɸ, ɹɤɭ ɨɛɪɨɛɥɹɸɬɶ. 

(6) 
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Ɍɚɛɥɢɰɹ 1 ɑɢɫɥɨɜɿ ɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɪɨɛɨɱɨɝɨ 
ɩɪɨɰɟɫɭ ɜɡɚєɦɨɞɿʀ ɳɿɬɤɢ ɡ ɩɨɜɟɪɯɧɟɸ, ɹɤɭ  

ɨɛɪɨɛɥɹɸɬɶ 
 

i , ɦ 

 , ɫ-1 
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3
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3
7
3
 

3
8
5
 

3
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θ 

 

 
 

Ɋɢɫ. 2. Ɂɚɥɟɠɧɿɫɬɶ   ɜɿɞ ɧɚɬɹɝɭ i  ɡɚ ɩɨɫɬɿɣ-

ɧɢɯ ɱɚɫɬɨɬ ɨɛɟɪɬɚɧɧɹ   ɬɚ ɞɥɹ ɩɨɞɚɱɿ 
0,02nV  ɦ/ɫ 

 

ȼ ɬɚɛɥ. 2–6 ɧɚɜɟɞɟɧɿ ɱɢɫɥɨɜɿ ɡɧɚɱɟɧɧɹ ɩɚɪɚ-
ɦɟɬɪɿɜ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ ɜɡɚєɦɨɞɿʀ ɳɿɬɤɢ ɡ 
ɩɨɜɟɪɯɧɟɸ, ɹɤɭ ɨɛɪɨɛɥɹɸɬɶ, ɚ ɧɚ ɪɢɫ. 4–8 – 

ɡɚɥɟɠɧɨɫɬɿ ɜɿɞɩɨɜɿɞɧɢɯ ɩɚɪɚɦɟɬɪɿɜ, ɳɨ ɞɚ-
ɸɬɶ ɦɨɠɥɢɜɿɫɬɶ ɨɰɿɧɢɬɢ ɡɚɤɨɧɢ ʀɯ ɡɦɿɧɢ ɬɚ 
ɜɢɡɧɚɱɢɬɢ ɪɚɰɿɨɧɚɥɶɧɭ ɨɛɥɚɫɬɶ ɟɮɟɤɬɢɜɧɨʀ 
ɪɨɛɨɬɢ ɉȺɓ. 

 
Ɍɚɛɥɢɰɹ 2 ɑɢɫɥɨɜɿ ɡɧɚɱɟɧɧɹ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ  
ɡɚɥɟɠɧɨ ɜɿɞ ɱɚɫɬɨɬɢ ɨɛɟɪɬɚɧɧɹ ɳɿɬɤɢ 

 

nV , 

ɦ/ɫ 
 ,  ɫ-1

 
25 50 75 100 125 150 

0,001 
1· 

10-6 

1,4· 

10-6 

2· 

10-6 

4· 

10-6 

5· 

10-6 

6·1 

0-6 

0,01 
4· 

10-6 

6· 

10-6 

8· 

10-6 

10· 

10-6 

12· 

10-6 

14· 

10-6 

0,02 
8· 

10-6 

9· 

10-6 

13· 

10-6 

20· 

10-6 

22· 

10-6 

25· 

10-6 

 
 

Ɋɢɫ. 3. Ɂɚɥɟɠɧɿɫɬɶ ɡɚɝ  ɜɿɞ ɱɚɫɬɨɬɢ ɨɛɟɪɬɚɧɧɹ 
  (ɩɨɞɚɱɚ 0,02nV  ɦ/ɫ) ɞɥɹ ɪɿɡɧɢɯ ɧɚ-
ɬɹɝɿɜ i  

 

 
 

Ɋɢɫ. 4. Ɂɚɥɟɠɧɿɫɬɶ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ Q ɜɿɞ  ɱɚɫ-
ɬɨɬɢ ɨɛɟɪɬɚɧɧɹ   
 

Ɍɚɛɥɢɰɹ 3 ɑɢɫɥɨɜɿ ɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɪɨɛɨɱɨɝɨ 
ɩɪɨɰɟɫɭ  ɡɚɥɟɠɧɨ  ɜɿɞ ɲɜɢɞɤɨɫɬɿ ɩɨɞɚɱɿ 

 

 , ɫ-1 nV , ɦ/ɫ 
0,005 0,01 0,015 0,02 

33,3 0,8·10-5 

66,7 1,05·10-5 

83,3 1,8·10-5 

141,7 2,3·10-5 

 

 
 

Ɋɢɫ. 5. Ɂɚɥɟɠɧɿɫɬɶ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ Q ɜɿɞ 

ɲɜɢɞɤɨɫɬɿ ɩɨɞɚɱɿ Vɩ 
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Ɍɚɛɥɢɰɹ 4 ɑɢɫɥɨɜɿ ɡɧɚɱɟɧɧɹ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ   
ɡɚɥɟɠɧɨ ɜɿɞ ɜɟɥɢɱɢɧɢ ɧɚɬɹɝɭ 

  , 

ɫ-1 

i , ɦ 

1,0·10-3 2,0·10-3 3,0·10-3 4,0·10-3 

33,3 0,7·10-5 0,8·10-5 1·10-5 1,1·10-5 

66,7 0,8·10-5 1,05·10-5 1,3·10-5 1,5·10-5 

83,3 1,16·10-5 1,75·10-5 2,3·10-5 2,9·10-5 

141,7 1,45·10-5 2,2·10-5 3,2·10-5 4,0·10-5 

 

 
 

Ɋɢɫ. 6. Ɂɚɥɟɠɧɿɫɬɶ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ Q ɜɿɞ ɜɟ-
ɥɢɱɢɧɢ ɧɚɬɹɝɭ i 

 
Ɍɚɛɥɢɰɹ 5 ɑɢɫɥɨɜɿ ɡɧɚɱɟɧɧɹ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ   

ɡɚɥɟɠɧɨ ɜɿɞ ɜɟɥɢɱɢɧɢ ɧɚɬɹɝɭ 
  , 

ɫ-1 

i , ɦ 

1,0·10-3 2,0·10-3 3,0·10-3 4,0·10-3 

16,7 294 298 300 301 

33,3 298 313 314 318 

50,0 302 319 333 334 

66,7 323 336 340 353 

83,3 332 349 355 362 

100,0 339 356 366 373 

116,7 349 365 373 383 

133,3 362 375 383 396 

 

 
 

Ɋɢɫ. 7. Ɂɚɥɟɠɧɿɫɬɶ ɭɫɬɚɥɟɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ T 

ɜɨɥɨɤɧɚ ɜɿɞ ɧɚɬɹɝɭ i 

Ɍɚɛɥɢɰɹ 6 ɑɢɫɥɨɜɿ ɡɧɚɱɟɧɧɹ ɩɨɬɭɠɧɨɫɬɿ, ɳɨ  
ɫɩɨɠɢɜɚєɬɶɫɹ ɳɿɬɤɨɸ, ɡɚɥɟɠɧɨ ɜɿɞ ɱɚɫɬɨɬɢ 

 

i , ɦ 
 , ɫ-1 

25 50 75 100 

0,25·10-3 25 30 75 200 

1,0·10-3 105 145 200 350 

2,0·10-3 210 250 310 510 

3,0·10-3 280 310 405 600 

4,0·10-3 350 380 500 690 

 

 
 

Ɋɢɫ. 8. Ɂɚɥɟɠɧɿɫɬɶ ɩɨɬɭɠɧɨɫɬɿ ɳɿɬɤɢ W, ɳɨ 
ɫɩɨɠɢɜɚєɬɶɫɹ, ɜɿɞ ɱɚɫɬɨɬɢ Ȧ ʀʀ ɨɛɟɪɬɚɧɧɹ 
ɡɚ ɡɧɚɱɟɧɶ ɧɚɬɹɝɭ ɿ: 1 – 30,25 10 ɦi   ; 2 

– 31 10 ɦi   ; 3 – 32 10 ɦi   ; 4 – 
33 10 ɦi   ; 5 – 34 10 ɦi    

 

 

 

ɍ ɪɟɡɭɥɶɬɚɬɿ ɩɪɨɜɟɞɟɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɨɬɪɢɦɚ-
ɧɿ ɚɧɚɥɿɬɢɱɧɿ ɡɚɥɟɠɧɨɫɬɿ, ɹɤɿ ɞɨɡɜɨɥɹɸɬɶ ɜɢ-

ɡɧɚɱɢɬɢ ɬɟɦɩɟɪɚɬɭɪɭ ɩɨɥɿɦɟɪɧɨɝɨ ɜɨɥɨɤɧɚ 
ɩɪɢ ɣɨɝɨ ɤɨɧɬɚɤɬɧɿɣ ɜɡɚєɦɨɞɿʀ ɡ ɩɨɜɟɪɯɧɟɸ, 

ɹɤɚ ɩɿɞɞɚєɬɶɫɹ ɨɛɪɨɛɰɿ. ȼɪɚɯɨɜɭɸɱɢ, ɳɨ ɬɟɩ-

ɥɨɜɿ ɩɪɨɰɟɫɢ ɫɩɪɚɜɥɹɸɬɶ ɧɚɣɛɿɥɶɲ ɫɢɥɶɧɢɣ 

ɜɩɥɢɜ ɧɚ ɩɪɚɰɟɡɞɚɬɧɿɫɬɶ ɩɨɥɿɦɟɪɧɨ-
ɚɛɪɚɡɢɜɧɨʀ ɳɿɬɤɢ, ɨɬɪɢɦɚɧɿ ɞɚɧɿ ɞɨɡɜɨɥɹɸɬɶ 
ɨɛɪɚɬɢ ɨɩɬɢɦɚɥɶɧɿ ɪɟɠɢɦɢ ʀʀ ɟɤɫɩɥɭɚɬɚɰɿʀ, 
ɬɨɛɬɨ ɤɨɥɨɜɭ ɲɜɢɞɤɿɫɬɶ ɨɛɟɪɬɚɧɧɹ, ɲɜɢɞ-

ɤɿɫɬɶ ɩɨɞɚɱɿ ɬɚ ɜɟɥɢɱɢɧɭ ɧɚɬɹɝɭ, ɚ ɬɚɤɨɠ 

ɩɪɢɜɨɞɧɿ ɦɚɲɢɧɢ, ɹɤɿ ɡɚɛɟɡɩɟɱɚɬɶ ɟɮɟɤɬɢɜɧɟ 
ɡɚɫɬɨɫɭɜɚɧɧɹ ɉȺɓ ɩɪɢ ɜɢɤɨɧɚɧɧɿ ɦɚɫɨɜɢɯ 

ɬɪɭɞɨɦɿɫɬɤɢɯ ɨɱɢɫɧɢɯ ɬɚ ɡɚɱɢɫɧɢɯ ɨɩɟɪɚɰɿɣ 

ɧɚ ɛɭɞɿɜɟɥɶɧɢɯ ɬɚ ɦɨɧɬɚɠɧɢɯ ɦɚɣɞɚɧɱɢɤɚɯ. 
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